The major hurdle in the production of commercial biocontrol agents (BCAs) has been the lack of production of appropriate formulations. Of particular importance is the conservation of viability and ecological competence after application. With this in mind studies were conducted to develop formulations of P. anomala which would have these attributes. Cells were grown in molasses-based medium modified with proline to different water availability levels (0.98 and 0.96) which significantly increased (up to 50%) the content of trehalose and 
Introduction
For animal feed, airtight storage of the cereal grain in silos is an alternative energy-saving method compared to high temperature drying of temperate cereals. However, temporal fluctuation of carbon dioxide and oxygen levels do occur and this eventually leads to heavy mould growth and poor quality animal feed grain. Pichia anomala has been frequently isolated from airtight-stored grains and Björnberg & Schnürer (1993) first showed that strain J121 effectively reduced growth of Penicillium roqueforti in vitro in a dose-dependent manner. P. anomala was also shown to reduce ochratoxin A (OTA) accumulation in coculture with Penicillium verrucosum.
The major obstacle in the commercialisation of biocontrol agents (BCA) products is the development of a shelf-life-stable formulated product that retains efficacy similar to those of fresh BCA cells (Janisiewicz & Jeffers, 1997; Magan, 2006) . BCAs are living organisms and their economic production process, formulation, distribution and application are of great importance and require special considerations. Drying microorganisms enables preservation of the inoculum over a long period of time, maintaining high viability, and does not require cool temperatures during storage and distribution. Magan (2001; 2006) has demonstrated that it is possible to utilise physiological stress conditions to enable a significant increase in the endogenous synthesis of compatible solutes such as trehalose and low molecular weight sugar alcohols (erythritol or glycerol). This was shown to result in improved viability especially under water stress conditions for yeast BCAs such as Candida sake (Teixido et al., 1998) and filamentous fungi (Magan, 2001; 2006) . This can produce characterised BCA inocula which have a better ecological competence, especially in the phyllosphere. growth and OTA production by P. verrucosum (Cairns-Fuller et al., 2005) . There is interest in minimising the contamination of such toxins in the food and feed chains. However, few if any studies have been carried out under different steady state intermediate moisture conditions to examine whether ochratoxin A can be effectively controlled using formulations of BCAs during post-harvest storage.
The objectives of this study were to (a) produce characterised P. anomala cells in liquid broth culture with elevated compatible solutes for stress tolerance, (b) evaluate the addition of different additives to these treatments prior to fluidised-bed drying on protection of cell viability and (c) to test the best formulations in controlling P. verrucosum and OTA in moist grain at intermediate water availability conditions.
Materials and methods

Microorganism, fermentation media and extraction of polyols and sugars
The microorganism used in this study was Pichia anomala (strain J121). This was kindly supplied by Prof. J. Schnürer, Agricultural University, Uppsala, Sweden. Cane molassesbased medium made of cane molasses 40 gl -1 and urea 1.2 gl -1 was used as the basic medium.
Molasses was kindly supplied by UdL-IRTA, Lleida, Spain; pH 6.1/a w 0.993-0.996.
Modification of media water activity (a w , 0.98 and 0.96) was made by the addition of proline.
Extraction of sugar alcohols (mannitol, arabitol, glycerol and arabitol) and sugars (trehalose, glucose) was done as detailed in Ypsilos and Magan (2004) . The yeast pellets were washed in HPLC grade water or isotonic solutions and centrifuged to remove any residual liquid medium. Between 50-100 mg of fresh weight of the yeast cells were extracted. One millilitre of HPLC grade water was added and samples were sonicated with a 4 mm sonicator probe for 6 in a boiling water bath for 5 min, the samples were left to cool, and an adequate volume of acetonitrile (ACN) was added to each sample to obtain the same ratio of ACN : water as the mobile phase (40 : 60). The Eppendorf tubes were centrifuged for 10 min at 1150 g and the supernatant was filtered through a 0.22 μm filter into HPLC vials sealed with plastic septa.
Sugars and sugar alcohols were analysed and quantified by HPLC using a Hamilton HC-75 
Fluidised bed-drying of the treatments
Initial studies were carried out with fresh cells. Thus, 100 ml of the chosen molasses based treatment containing proline to modify a w to 0.98 and 0.96 were used in 250 ml conical flasks.
These were inoculated with 1ml aliquot of 10 6 P. anomala cells ml`-1 and were cultured with agitation on a rotatory shaker (150rpm) 
Control of P. verrucosum and ochratoxin contamination
Irradiated wheat grain with retained germinative capacity was used in this study (Cairns et al., 2005) . This was modified by the addition of Sterile Distilled Water (SDW) to achieve 0.96 and 0.93 a w levels. Inoculation of the grain was done so as to achieve a final concentration of 
Ochratoxin A (OTA) extraction and quantification
Extraction was by shaking treatments containing the solvent methanol for 24 hrs. Samples were subsequently filtered through Whatman No1 paper placed inside a filter funnel containing 1 g of celite agent. 1 ml aliquots of the methanol extract were placed in a 1.5ml
plastic Eppendorf tubes and centrifuged in a bench top microcentrifuge (Beckman Lite, Ser 98E 4000, Beckman Inc. Columbia, U.S.A.) at 13000 rpm for 10 minutes. The pellet produced was discarded and the supernatant put into 1ml amber HPLC vials (Fisher) and stored at -20ºC until processed. OTA contents were measured using High Performance Liquid Chromatography (HPLC). An HPLC (Waters 600E System controller) with a fluorescence detector (Waters 470) and an auto-sampler (Waters 712 WISP) were used (Cairns-Fuller et al., 2005) . Under these experimental conditions, a fluorescence detection limit of 1-1.2 μg ml -1 OTA was possible.
Statistical analysis
Data were analysed using Genstat software (Genstat 5th edition). Analysis of Variance (ANOVA Table) was used to compare different treatments. Percentage data was LOGIT transformed prior to statistical analysis. Statistical significance was judged at the P<0.05
level. When the analysis was statistically significant the LSDs of the means were used to compare the latter. 
Results
Intracellular sugar and polyol accumulation in P. anomala cells grown in molasses media harvested in water and in isotonic solutions
Control of P. verrucosum and Ochratoxin A production in moist grain
The effect of P. anomala on P. verrucosum population growth on wheat grain (0.93 a w water activity) at 25 o C over 30 days is shown on Figure 4a . The changes in populations of P.
verrucosum over the 30 day period showed that there were significant (P<0.05) interactions between different treatments used; wheat grain, a w and time. The main treatments and interaction between two factors were also statistically significant. P. verrucosum alone reached 4.5 x 10 6 CFUs g -1 at 0.93 a w after 30 days starting from 1 x 10 3 CFUs g -1 one day after inoculation. When co-cultured with P. anomala, it reached a level of 3.2-3.75 x 10 5
CFUs g -1 with no statistical differences between the different treatments. However, there were statistical differences between treatments after 10 days. Figure 4b shows the increase in populations of P. anomala cells over the same 30 day storage period. There was an increase in populations over time with all treatments reaching log 10 8 CFUs g -1 grain. Figure 5 shows the impact of these treatments on OTA accumulation. There was a three-way significant (P<0.05) interaction between the different treatments used; wheat grain, a w and time. One and two-way interactions were also significant. OTA contamination significantly increased after 30 days in all treatments. When P. verrucosum was present alone, OTA accumulated after 30 days reaching 28700 µg kg -1 . Co-culture with P. anomala resulted in a significant decrease in OTA contamination of the grain with treatments A, B and D.
Discussion
This study was carried out to examine the production of physiologically characterised P.
anomala cells, the use of isotonic solutions for optimised harvesting, the best temperature and time for fluidised bed drying of the best cell treatments and the formulated yeasts with additives and carriers for controlling spoilage and OTA production in moist grain.
This has demonstrated that although P. anomala is an osmotolerant yeast it is possible to physiologically stress the cells to enhance the endogenous accumulation of useful compatible solute accumulation when grown in a molasses medium, which is cheap and readily available.
This was particularly demonstrated when proline was used to modify the a w level of the medium to 0.98 a w . The significant increase in trehalose under the water stress treatments was an important result as this is a key compound which can be beneficial during subsequent drying and formulation. Since trehalose is a very expensive compound to add exogenously, the natural biosynthesis shown here is very beneficial for subsequent processing.
The increase in synthesis of the disaccharide trehalose is important as it acts as a membraneprotecting agent for yeast cells during environmental stress conditions such as heat treatment, dehydration and freezing (Zayed & Roos, 2004) . Synthesis and accumulation of trehalose by yeast cells correlates with increased survival following dehydration or freezing (Beker & Rapoport, 1987) . The proposed mechanism of desiccation protection by trehalose is known as the "water replacement hypothesis", whereby trehalose replace water molecules in the membranes and form hydrogen bonds with the phospholipids, thus preventing collapse of the membrane upon water removal (Crowe et al., 1987) .
The use of isotonic solutions is a very interesting finding. In most cases biocontrol agents are harvested in water regardless of the liquid or solid medium used for production. The present study has shown how important the harvesting process can be where the aim is optimisation of BCA inoculum quality and viability. This confirms previous studies with the entomopathogen Metarhizium anisopliae where isotonic solutions significantly enhanced retention of sugar alcohols such as erythritol and mannitol. This resulted in increased germination of blastospores, even under water stress conditions (0.96 a w ; Ypsilos and Magan, 2004) . Isotonic harvesting was also found to be an effective treatment for the biocontrol yeast
Candida sake for control of post-harvest fungal pathogens of pome fruits (Abadias et al., 2003) .
Fluidised bed drying has been successfully used for the production of formulations of C. sake and Epicoccum nigrum (Abadias et al., 2003; Larena et al., 2003) . Indeed with E. nigrum, it was found that fluidised bed drying gave 100% viability of spores for up to 90 days. In contrast, freeze drying required the use of additives. In contrast, spray drying resulted in only 10% viability. Recent work with P. anomala compared vacuum, fluidised bed, freeze and liquid formulations and effects on storage viability over periods of 1 year (Melin et al., 2007) .
This study suggested that freeze dried cells could be stored at up to 30 o C for 1 year with minimal loss of viability while other techniques required <10 o C to conserve viability. They used exogenous trehalose to enhance viability during formulation. The present study concentrated on the use of stress physiology as a method of enhancing endogenous synthesis of trehalose and other beneficial sugar alcohols. Our study also suggests that the provision of additives during fluidised bed drying is important to maximise final formulations. Studies of our best treatments suggest that viability under ambient conditions can be conserved for up to 6 months (unpublished data). We believe that maintaining a final moisture content of <10% of the formulated product is critical to conserving viability. The key criterion is the ability of the formulated product to give efficacy similar to or better than that provided by freshly harvested cells.
In the present study P. anomala cells reduced populations of P. verrucosum, based on CFU counts, although after 30 days there were no significant differences between treatments during co-culture in wheat. However, some differences were observed after 10 days probably due to better yeast colonisation and growth on wheat during the early stages in the storage experiments. A decrease in mould populations coincided with a decrease in OTA production.
Osmoprotected fluidised bed dried cells reduced OTA production. The isotonic solution itself had an influence on OTA production but had no differential influence on fungal populations.
This study has also shown that formulation additives had no adverse effect on mould growth and OTA production. Our studies did not involve storage under airtight or microaerophilic environmental conditions where this yeast has been previously shown to be very effective against the spoilage fungus P. roqueforti (Björnberg and Schnürer, 1993; Druverfors et al., 2002) . However, the laboratory storage experiments suggests that even under normal oxygen conditions the yeast formulations are able to provide control of OTA production.
For effective use in controlling the growth and mycotoxin production by spoilage fungi it is essential that potential BCAs can tolerate a wide range of environmental factors, particularly intermediate moisture conditions. The approach presented here can be used to develop ecologically competent BCA candidates such that the potential for success fan be improved.
This could provide opportunities for wider implemention of such approaches for minimising mycotoxin contamination of food and feed by utlilizing this ecophysiological strategy. 
